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INTRODUCTION
The influence of Quaternary climatic oscillations on the current distribution and genetic diversity of European mammals is well established (Hewitt, 2004; Hofreiter & Stewart, 2009 ). Traditionally, phylogeographical analyses have suggested a contraction of species ranges during the glacial phases and a subsequent expansion in the interglacial periods (Hewitt, 2000) . The effects of these movements affected the current pattern of genetic variability. During glaciation, many species survived in relatively small areas of refuge, usually in the southern part of the European continent, such as the Italian, Iberian, and Balkan peninsulas (Randi, 2007) . However, recent studies have suggested that these refugia could have been much more common and widespread than previously considered (Provan & Bennett, 2008; Hampe & Jump, 2011) . Our understanding of the effect of Pleistocene climatic changes mostly comes from phylogeographical studies of non-subterranean mammals, whereas the influence of the glaciation cycles on subterranean mammals has received little attention.
Moles are strictly subterranean mammals occurring in Europe, with six species belonging to the monophyletic genus Talpa (Wilson & Reeder, 2005) . With the exception of sand dunes, permanently waterlogged and acid soils (Mitchell-Jones et al., 1999) , moles are ubiquitous from lowland meadows up to mountains. Subterranean mammals are characterized by low vagility, and they live in a fairly constant environment that is characterized by the absence of light and small fluctuations of temperature and humidity (Lacey, Patton & Cameron, 2000) . Therefore, they are expected to be less subject to seasonal climatic oscillations unless these lead to extreme drought or freezing, which dramatically increase of hardness of soils and lower the availability of feeding resources represented by the soil fauna.
The present study aimed to investigate whether and how Pleistocene climatic changes have shaped the current genetic variability of the widespread common mole Talpa europaea. By contrast to other mole species, T. europaea is widely distributed across Europe (Mitchell-Jones et al., 1999; Wilson & Reeder, 2005) . Therefore, it represents the best candidate for studying the influence of Quaternary climatic oscillation on subterranean mammals. The common mole ranges from the Ebro River in Spain to the Ob and Irtish Rivers in Russia (Wilson & Reeder, 2005) . According to the morphology of the mandibles, Loy & Corti (1996) suggested the existence of four distinct clades (i.e. those in Italy, the Balkan peninsula, Spain, and Central Europe). The distribution of these four clades and the existence of step clines of morphological variation have been related to interglacial secondary contact zones between populations expanding from the glacial refugia in the Balkans, Italy, and Spain (Loy & Corti, 1996) .
To identify the historical and ecological factors that could have shaped the actual genetic variability of T. europaea, we combined phylogeographical inference and species distribution modelling. First, we evaluated the phylogeographical structure of T. europaea across its range using mitochondrial cytochrome b sequences from specimens covering a large portion of the species range. To validate the molecular results and to provide insights concerning the locations of putative glacial refugia, we developed species distribution models (SDMs) at three time intervals: present-day, Last Glacial Maximum (LGM) and Last Interglacial (LIG).
MATERIAL AND METHODS

SAMPLE COLLECTION AND LABORATORY PROCEDURES
We analyzed 85 samples of T. europaea from 46 localities covering most of the species distribution range (Fig. 1, Table 1 ). Tissues were gathered from various sites (Table 1) and preserved in ethyl alcohol 70%. We also retrieved 16 sequences available from GenBank (Table 1) , two of which (FN640556 and FN640557) were incorrectly assigned by Colangelo et al. (2010) to Talpa occidentalis. The re-evaluation of the taxonomic status of these two specimens was performed on the basis of morphological characters (body size, humerus, and skull), which unambiguously show that these two Spanish specimens belong to T. europaea (for further details, see Discussion). DNA was extracted as described in Aljanabi & Martinez (1997) . Cytochrome b sequences (1140 bp) were obtained in accordance with the amplification protocol and using primers described in Colangelo et al. (2010) . The polymerase chain reaction product was purified with SureClean (BioLine) and sequencing was carried out by Macrogen Inc. (http://www .macrogen.com). The chromatograms were edited using FINCHTV, version 1.3.1 (Geospiza Inc.; http:// www.geospiza.com/), and the alignment was performed using SEAVIEW, version 4.0 (Gouy, Guindon & Gascuel, 2010) .
PHYLOGEOGRAPHICAL STRUCTURE
Phylogenetic trees were obtained using maximum likelihood (ML) and Bayesian inference (BA). The trees were rooted with Talpa romana and Talpa caeca (Accession numbers: FN640563-4 and FN640558-9). ML and BA were performed under a general time reversible (GTR) model (Tavaré, 1986 ) and a gamma distribution of rates across sites (Γ 4) that was the best fitting model according to the Akaike information criterion as implemented in JMODELTEST, version 2 (Darriba et al., 2012) ML analysis was performed using PHYML, version 3.0 (Guindon et al., 2010) with 100 bootstrap replicates. Bayesian inference was performed using MrBayes, version 3.2.1 (Ronquist & Huelsenbeck, 2003) using 10 million (burn-in = 25%) generations and sampling every 1000 steps. Convergence between chains was verified by manual inspection using the sump command and by using the mean SD of split frequencies, which was below 0.01 in our runs, as an indicator of convergence.
The relationships among haplotypes were also investigated by using a statistical parsimony (SP) network as implemented in TCS, version 1.2.1 (Clement, Posada & Crandall, 2000) . Phylogenetic networks have the advantage over tree-based phylogenetic methods in that they allow multifurcation and, thus, are well suited when genetic divergence is low, as in intraspecific data. Before calculating the SP network, sites with missing data were excluded to reduce the ambiguities introduced in mutational connections.
To further investigate the spatial distribution of the genetic diversity within each lineage, we used a spatial principal component analysis (sPCA) as implemented in the R package ADEGENET, version 1. 3-8 (Jombart, 2008) . sPCA is a tool used to investigate cryptic spatial patterns of genetic variability using georeferenced genetic data. This method relies on modifications of the PCA such that not only the variance between the studied entities (individuals or populations), but also their spatial autocorrelation is taken into account (Jombart et al., 2008) . sPCA et al., 2008) , is reported as shaded area. Localities were coloured according to their geographical origin (for details, see Table 1 ). (Moran, 1948 , Moran, 1950 to detect spatial features in the data. A Gabriel graph was constructed based upon individual sample locations to define neighbours for the calculation of Moran's I. We used the global and local tests based on Monte Carlo permutations (N = 9999) to interpret global and local components of sPCA. The presence of a significant 'global structure' might be related to patterns of spatial genetic structure, such as patches, clines, isolation-by-distance, whereas 'local structure' refers to strong differences between local neighbourhoods (Jombart et al., 2008) .
TIME OF DIVERGENCE
The fossil record of T. europaea is not well understood (van Cleef-Roders & van den Hoek Ostende, 2001) and is not suitable for a precise calibration of the molecular clock. To overcome this issue, we tentatively used two different methods to estimate major clade divergences. First, we calibrated the molecular clock using a geological event (i.e. the time elapsed between the end of the LGM and the disappearance of the Doggerland, a land bridge that was connecting Great Britain to the European continent). Paleontological evidence suggests that, during the main Glaciation, Great Britain was an inhospitable environment for mammals (Stuart, 1995) . However, the reappearance of a diverse fauna in the late glacial could be explained by the existence of a land connection between Great Britain and Europe (Stuart, 1995) . The Doggerland remained exposed from the end of the LGM, from approximately 12 000 years BP to approximately 6000 years BP (Coles, 2000) . Fossil records for T. europaea from the UK extend as far back as the Early Middle Pleistocene, (Stuart, 1995) . However, fossils of T. europaea from late Pleistocene were not found in Great Britain (Currant, 1989) , suggesting that this species became extinct in Great Britain in the late Pleistocene. This scenario would suggest that the common moles currently found in Great Britain are derived from a late colonization that occurred during the Holocene (Montgomery et al., 2014) , when the Doggerland was exposed. The time of divergence was estimated with BEAST, version 1.8 (Drummond & Rambaut, 2007) using a coalescent tree prior. The period of exposition of the Doggerland was used to calibrate the time of the most common ancestor of Britain specimens using a log-normal distribution (mean = −6.0, SD = 0.07, offset = 0.005) with a median of 0.00747 and a 95% highest posterior density (HPD) ranging from 0.00562 to 0.01477 million years ago. The molecular clock prior (i.e. strict clock versus log-normal relaxed clock) was selected using the Bayes factor (BF). The marginal likelihood of the two hypotheses was estimated using stepping-stone sampling as implemented in MrBayes using 50 million of generations. According to Kass & Raftery (1995) , there is strong evidence (BF = 53.03) in favour of the strict clock model that was used for further analysis. Finally, the choice of the prior for the substitution rate prior was based on data in the literature. In talpids, the substitution rate (substitutions per million years) may range from 0.014, as observed in the genus Talpa (Colangelo et al., 2010) , to 0.0224, as observed in Galemys pyrenaicus (Igea et al., 2013) . Accordingly, we defined the substitution rate in advance by using a normal distribution with its mean set to 0.018 and SD set to 0.0024. Second, because the BF strongly supports a clocklike behaviour of the dataset, we obtained an approximate estimation of the divergence among the main T. europaea lineages according to the formula T = d/ 2μ; where T is the time of divergence, d is the genetic distance between groups, and μ is the substitution rate in millions of year. We calculated the uncorrected distance and used a substitution rate (μ) for cytochrome b of 0.01407 per lineage per million of years, as estimated by Colangelo et al. (2010) .
MOLECULAR DIVERSITY AND HISTORICAL DEMOGRAPHY
Uncorrected (p) and Kimura 2-parameter (K2P) genetic distances among major lineages of T. europaea and closely-related species (T. occidentalis, T. romana and T. caeca) were calculated using MEGA, version 5.0 (Tamura et al., 2011) . The number of haplotypes, nucleotide diversity (π), and haplotype diversity (HD) were calculated using the software DNASP, version 5.10.1 (Librado & Rozas, 2009) . To investigate the level of diversity in different areas of the range of T. europaea, specimens were grouped according to their geographical origin (Fig. 1, Table 1 ). The demographic history of the main lineages was reconstructed using a coalescent-based Gaussian Markov random field (GMRF) Bayesian skyride plot (Minin, Bloomquist & Suchard, 2008 ) with a uniform smoothing as implemented in BEAST, version 1.8 (single run of 50 million generations). The effective sample size was evaluated using TRACER, version 1.6 (Rambaut et al., 2014) . The GMRF skyride plot was reconstructed assuming a strict clock with a substitution rate defined according to the results of molecular clock analysis.
SPECIES DISTRIBUTION MODELS
To evaluate current and past habitat suitability for T. europaea, we produced distribution models under different climatic conditions using a species distribution modelling approach. The majority of T. europaea occurrences were not only derived from the online database 'Global Biodiversity Information Facility' (http://www.gbif.org), but also came from museum collections and the literature (see Supporting information, Appendix S1). The download dataset was trimmed to the spatial resolution of the environmental layer used (2.5 arc min, approximately 4 km) to avoid duplicate coordinates in each cell. The final dataset includes 1259 distribution records (see Supporting information, Appendices S1, S2) covering almost the entire extent of occurrence accounted by the IUCN for T. europaea (Amori et al., 2008) . The model is subject to spatial bias because the western part of the species range is oversampled relative to the eastern range. To reduce this bias, species records were treated with a subsampling procedure (details and R script available in the Supporting information, Appendix S3). The subsampling procedure was replicated 10 times, obtaining 10 different datasets of 354 points that were used for the calibration of the model.
As environmental layers, we used available climatic data from the Worldclim database (Hijmans et al., 2005) , which contains interpolated surfaces for 19 climatic variables, to infer the habitat suitability for T. europaea. Although the subterranean niche is generally stable, changing climate alters annual cycles of temperature and humidity. These factors can affect the survival of moles in a variety of ways, especially extreme climatic events, such as drought, freezing, and flooding. More specifically, drought driven by high temperatures increases soil hardness and limits the availability of feeding resources represented by soil invertebrates (Gorman & Stone, 1990; Loy, 2008) . Extreme rainfall events may cause flooding of the soil, which may affect mole survival by increasing the risk of death as a result of thermoregulation problems (Gorman & Stone, 1990) . Accordingly, Worldclim bioclimatic variables can provide a good proxy for subterranean habitat suitability, and we chose 11 variables on the basis of the current knowledge of the ecology and habitat preferences of moles: annual mean temperature, mean diurnal range in temperature, isothermality, annual range in temperature, mean temperature of the driest quarter of the year, mean temperature of the warmest quarter of the year, precipitation of the driest month, precipitation seasonality, precipitation of the wettest quarter of the year, precipitation of the warmest quarter of the year, and precipitation of the coldest quarter of the year. We successively calculated Pearson correlation coefficients for pairwise comparisons among the set of 11 variables to evaluate the level of autocorrelation. According to the Pearson correlation coefficient, our set of variables shows a general low r value in all of the pairwise comparisons. We found an r value higher than 0.75 for only three pairwise comparisons (BIO1/ BIO9, BIO19/BIO16 and BIO19/BIO14) (see Supporting information, Appendix S4), suggesting a low bias as a result of autocorrelation in our dataset.
We predicted the European common mole distribution using an ensemble forecasting approach, as implemented in the R package 'biomod2' . SDMs for T. europaea were generated using four different algorithms: Maxent (Phillips, Anderson & Schapire, 2006; Phillips & Dudík, 2008) , Gradient Boosting Machines (GBM; Ridgeway, 1999) , Generalized Linear Model (GLM; McCullagh & Nelder, 1989) , and General Additive Model (GAM; Hastie & Tibshirani, 1990) . All of the methods estimate species distributions using environmental predictors together with species occurrences. Here, the four algorithms were used to predict the species occurrence under present-day, last glacial maximum (LGM, ∼26-20 kya), and LIG (∼120-140 kya) conditions (Otto-Bliesner et al., 2006; Braconnot et al., 2007) .
To obtain a reliable evaluation of the models, each of the 10 occurrence datasets derived from the subsampling procedure was randomly split into two subsets: 70% of records to calibrate the models and the remaining 30% for evaluation ). This procedure was replicated 10 times. Each time, we randomly selected different 70-30% portions of the occurrence dataset, obtaining 100 different occurrence datasets for the calibration of the models. For each of the 10 replicated occurrence datasets, a random selection of 10 000 background points was performed (drawn in a large area of the Palaearctic region, including the entire extent of occurrence of T. europaea) to characterize the climate of the study area and to represent pseudo-absences. Predictive performance of the model was assessed by measuring the area under the receiver operating characteristic curve (AUC; Hanley & McNeil, 1982) and the true skill statistic (TSS; Allouche et al., 2006) . This data-splitting procedure was repeated 10 times, obtaining 100 final occurrence datasets, and the evaluation values were averaged. To avoid using poorly calibrated models, only projections from models with AUC ≥ 0.7 and TSS ≥ 0.4 were considered in all subsequent analyses. Model averaging was performed by weighting the individual model projections by their AUC or TSS scores and averaging the result because this method was shown to be particularly robust (Marmion et al., 2009) .
For LGM prediction, we used data from both the Community Climate System Model (CCSM) and the Model for Interdisciplinary Research on Climate (MIROC) available in Worldclim database. To counteract the extrapolation effect of the model projections over the past (LGM and LIG) climates, we calculated the multivariate environmental similarity surface (MESS) index (Elith, Kearney & Phillips, 2010), estimating similarities between the climate values used in training and the past climate projections across all of the T. europaea distribution range. The index was then plotted on a map where positive values and those near zero indicated a good extrapolation.
RESULTS
PHYLOGEOGRAPHICAL STRUCTURE AND THE SPATIAL DISTRIBUTION OF GENETIC DIVERSITY
According to phylogenetic analyses, T. europaea includes three main lineages, European, Italian and Spanish, and is paraphyletic because the six specimens from Northern Spain are more closely-related to T. occidentalis than to T. europaea from other parts of Europe (Fig. 2) . The genetic divergence between Spain and the other two lineages (Table 2) is quite large (p > 0.07; K2P > 0.08). The times of divergence of the Spanish lineage estimated using two different approaches were comparable, suggesting an ancient separation (2.85 Mya; 95% HPD: 2.03-3.71 Mya using the Bayesian methods and approximately 2.5 Mya using the distance methods).
The other two T. europaea lineages (European and Italian) are reciprocally monophyletic (Fig. 2) . The Italian lineage includes the entire Italian sample, with the exception of a specimen from Bolzano, whereas the European lineage includes all of the remaining specimens (Fig. 2) . The monophyly of the European lineage is well supported in both of the phylogenetic trees, whereas the monophyly of the Italian lineage is not strongly supported (Fig. 2) . The genetic divergence between the Italian and European lineages is lower with respect to that observed for EVOLUTIONARY HISTORY OF THE MOLE 501 the Spanish lineage (Table 2) . We estimated a separation of the two lineages at approximately 860 kya (95% HPD = 0.58-1.14 Mya) by using the relaxed molecular clock. This estimate is consistent with the estimation that we made using genetic distance (approximately 700 kya).
The SP network corroborates the results of phylogenetic analyses (Fig. 3) , providing insights concerning the intralineage relationships. Specimens from Spain, separated by a large genetic distance, were not included in this analysis. Among the 79 remaining specimens, we found a total of 50 haplotypes (Table 1) . Haplotype H1 is the most common and shared by 13 specimens, 11 of which were from eastern Europe (Russia) and two from central Europe (Denmark and Germany). Other haplotypes from central and eastern Europe are connected to H1 by few mutations producing a starlike topology. However, haplotypes from south-eastern Ukraine (H10, H46, H48, H49, and H50) show a certain degree According to phylogenetic analyses, we found one haplotype in the Italian group from Bolzano (H12) that was more related to the other European haplotypes and directly connected with a haplotype from Eastern Europe (H11). The remaining Italian specimens form a distinct haplogroup separated by the closest haplotype from southern France by at least six mutations. Furthermore, the Italian haplogroup shows large intragroup diversity, with specimens included in two distinct clusters separated by seven mutations. These two clusters reflect the geographical origin of the haplotypes within the Italian peninsula from the north and the centre of Italy, respectively. According to the results of phylogenetic and network analyses, the specimen from Bolzano (BZ1) is not part of the Italian genetic pool and, in all further analysis (sPCA, molecular diversity and historical demography), it was considered as part of the European lineage.
sPCA was performed separately on the Italian and European lineages to highlight the intralineage spatial distribution of mtDNA diversity. The result of the sPCA supports the separation of the Italian lineage in two distinct haplogroups (Fig. 4A) . Concerning the European lineages (Fig. 4B) , the sPCA showed a clear partitioning of genetic diversity between northern and southern latitudes, with all the southern European specimens having positive values of sPC1. For both the Italian and the European lineages, the local test rejected a local population structure (P = 0.99 and P = 0.54, respectively), whereas the global test was significant (both with P < 0.0001).
MOLECULAR DIVERSITY AND HISTORICAL DEMOGRAPHY
Molecular diversity indices suggest a low cytochrome b diversity of T. europaea across Europe, with few exceptions. According to our results (Table 3) , western, central, eastern Europe, and UK have low nucleotide diversity and high haplotype diversity. Within eastern Europe, the southern localities from Ukraine harbour a higher diversity (N = 10, H = 9, H D = 0.978 ± 0.054, π = 0.0070 ± 0.0014) compared to northern localities from Russia (N = 20, H = 8, HD = 0.816 ± 0.071, π = 0.0011 ± 0.0002). The Balkan peninsula shows both highest nucleotide and haplotype diversity in Europe. The Italian peninsula shows high haplotype diversity and a nucleotide diversity lower than that observed in the Balkans but still higher than that observed in the rest of Europe. A different framework emerges when we analyze Italian specimens according to the clustering highlighted by the SP network (Fig. 3) and sPCA (Fig. 4) . Although the low diversity in northern Italy (N = 12, H = 9, H D = 0.955 ± 0.047, π = 0.0047 ± 0.00111) was similar to that observed in other regions of Europe, central Italy showed a high nucleotide diversity (N = 7, H = 3, HD = 0.667 ± 0.16, π = 0.0184 ± 0.0007) comparable to that observed in the Balkan peninsula (Table 3) .
The GMRF skyride plots (Fig. 5) suggest that both the Italian and European lineages experienced a population shrinking followed by successive demographic expansions. Specifically, in both lineages, we observed a bottleneck corresponding to the last glaciation (between 100 and 150 kya) and a subsequent increase of the population size of approximately 
SDM
The SDMs had very good predictive abilities (mean AUC > 0.9 and mean TSS > 0.7 for all of the models), indicating the good reliability and accuracy of the models. The four models report very similar habitat suitability, as predicted on the basis of the four bioclimatic datasets (current, LIG, and two for LGM). The MESS index (map shown in the Supporting information, Appendix S4) shows a generally good similarity between the reference set of points and the set of predictor variables. The ensemble model (obtained combining the GAM, GBM, GLM, and Maxent models) revealed high habitat suitability for T. europaea across Europe under present-day bioclimatic conditions (Fig. 6A ), in agreement with the current known distribution of T. europaea. The projection of the model over the LIG (∼120-140 kya) returned a lower habitat suitability in Europe with respect to the present-day, more evident in the eastern part of the continent and in a small area of present-day Poland, although still good over almost all the range (Fig. 6B) , and comparable to that observed under present-day bioclimatic conditions. The habitat suitability drastically decreased during the LGM irrespective of the data used [i.e. Community Climate System Model (CCSM) versus MIROC]. Indeed, both models support southern European patches of suitable habitat for T. europaea during the LGM (Fig. 6C, D) . Suitable areas were found in the three southern European peninsulas (Italian, Balkan, and Iberian), around the Black Sea, and a north central area corresponding to portions of the France and UK. In both models, a large portion of the suitable areas in the northern latitudes fall in areas that are currently under the sea level. Differences between A B Specimens were grouped according to their geographical origin ( Fig. 1 and Table 1 ). For each group, the number of specimens (N), number of haplotypes (H), haplotypic diversity (HD), and nucleotide diversity (π) are reported.
CO 2 (ppm) Figure 5 . Gaussian Markov random field Bayesian skyride plots based on cytochrome b sequences. Analyses were reported for each of the two major lineages (i.e. Italian peninsula and Europe). On the y-axis, the effective population size is reported. The solid line is the median estimate, and the dotted lines show the 95% highest posterior density limits. Time of expansion (in million of years, on the x-axis) was calculated using the mean clock rate obtained for Talpa europaea in molecular clock analysis (0.0196). Bottom: glacial and interglacial cycles as represented by atmospheric CO2 concentration (parts per million by volume), as measured by the composition of air trapped in ice cores from Antarctica (Lüthi et al., 2008) .
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the two models are mainly based on the degree of suitability. The model based on MIROC data showed higher levels of suitability and also supported the expansion of suitable areas to central-western Europe. By contrast, the model based on CCSM also Miller (1912) and is currently regarded as part of the Spanish fauna; its range slightly overlaps with the Iberian mole T. occidentalis (Palomo & Gisbert, 2002) . We examined the morphology of a subsample of 10 T. europaea and 17 T. occidentalis from Spain (skins and skulls in ZFMK Bonn). The Spanish T. europaea shows the general features of the species and differs from T. occidentalis by the larger sizes of its body, humerus, and skull. The condylobasal length ranges from 32.4 to 37.6 mm (N = 8) in the T. europaea sample, with no overlap with T. occidentalis (29.4 to 31.2 mm; N = 15). Miller (1912) and subsequent studies found similar size differences. Our samples clearly belong to the T. europaea clade. However, the Spanish common moles, despite showing the general morphological features of T. europaea, have a mean genetic distance from other T. europaea lineages more than three times greater than the distance observed between the European and the Italian lineages. It is interesting to note that the K2P distances of the Spanish lineage from T. occidentalis and from other T. europaea lineages are both very high (0.072 and 0.08, respectively) and very close to those reported by Colangelo et al. (2010) for pairs of sister species within the genus Talpa.
According to our results, two different scenarios can be suggested. The first scenario claims an introgression of mtDNA from T. occidentalis to T. europaea. Introgression of DNA among insectivore mammals has been reported along parapatric contact zones for moles (Loy et al., 2001) , shrews (Yannic, Basset & Hausser, 2008; Bannikova & Lebedev, 2010) , and hedgehogs (Bogdanov et al., 2009) , as well as for other small mammals such as voles (Abramson, Rodchenkova & Kostygov, 2009 ). According to the levels of genetic divergence between the Spanish T. europaea and T. occidentalis, we can exclude a recent introgression of mtDNA, although we cannot a priori rule out an ancient introgression during some phases of the late Pliocene, similar to what was hypothesized for the introgression events between T. europaea and T. romana in the parapatric contact zone in central Italy (Loy et al., 2001) .
A second scenario considers the possible existence of a differentiated taxonomic entity in northern Spain. This scenario would be congruent with the observed level of genetic divergence among the Spanish lineage, the other T. europaea lineages and T. occidentalis. Moles are quite common in Europe, although few studies have focused on the description of taxonomic diversity using molecular methods. It is interesting to note that the genus Talpa currently includes nine species and, with the exception of T. europaea, most species are endemic to restricted geographical regions (Mitchell-Jones et al., 1999; Wilson & Reeder, 2005) . It should also be stressed that, within the tribe Talpini, the possible occurrence of new cryptic species has been recently claimed for the genera Mogera and Euroscaptor (Zemlemerova et al., 2013; He et al., 2014) . Based on the genetic divergence and the fact that the Iberian peninsula is rich in endemism, it is thus plausible that T. europaea, as currently defined, could include more than one species.
ANCIENT PLEISTOCENE GENETIC BREAK IN THE COMMON MOLE
The other two European lineages show a large genetic gap, congruent with a long-term separation of the Italian lineage from the rest of Europe. The split of these two lineages occurred much later than the separation of the Spanish lineage, approximately 700-800 kya (Fig. 3) , in agreement with the data reported by Colangelo et al. (2010) . Most importantly, the estimated time of divergence largely predated the LGM, leading us to hypothesize that the causes of the deep genetic divergence observed between the two lineages must be found far back in the past, during the middle Pleistocene, which is a pattern found for several others mammals in Europe (Hewitt, 2000) . After colonization of Italy, the common mole apparently remained trapped in the peninsula. The transition between the Early and Middle Pleistocene, approximately 0.78 Mya, has been characterized by a change in the cyclicity of the Earth's climate (Head, Pillans & Farquhar, 2008) . This change had a strong effect on the composition of the ecological communities. For example, in Italy, the mammalian record of the late early Pleistocene is in accordance with open arid conditions followed by a wetter and substantially cooler climate in the Early-Middle Pleistocene (Head et al., 2008) . Moreover, in the Alpine region, the Pleistocene glacial stages starting at approximately 0.87 Mya were characterized by enhanced glacier development and glacio-eustatic lowstands, as well as by a substantial forest withdrawal with long phases of persistent forest cover at low altitudes (Muttoni, Scardia & Kent, 2010) . These factors might have created unsuitable conditions for T. europaea both during the glacial and the interglacial phases. It is interesting to note that the morphology supports an independent evolution of the Italian populations with respect to other European common moles. Loy & Corti (1996) found a sudden change in mandible morphology over a short geographical range, highlighting a significant morphological difference of the Italian T. europaea versus the other populations from central Europe. Specifically, an abrupt change was found between the Italian populations and the nearby populations from Switzerland, Germany, and Austria (Loy & Corti, 1996) .
We found only one haplotype in northeastern Italy (BZ1 from Bolzano) that is more closely related to the Balkan haplotypes than to the Italian ones. The origin of this haplotype is unclear because of a lack of good sampling in that area. However, it is possible to speculate that it is related to a recent migration from the Balkan area that may have occurred during the late Pleistocene.
THE INFLUENCE OF THE LAST GLACIATION ON THE DISTRIBUTION OF GENETIC VARIABILITY
For the recent evolutionary history of T. europaea, our results support a phylogeographical pattern congruent with that reported for non-subterranean small mammals. The sPCA suggests that cytochrome b diversity is partitioned into a northern and a southern component. Southern Europe presents a higher molecular diversity, fitting a pattern of 'southern richness and northern purity' that is usually attributed to the prolonged population stability at southern latitudes, and recent recolonization events at northern latitudes (Hewitt, 2004) . This hypothesis is in agreement with the palaeo-ecological models, indicating that, during the LGM, central and eastern Europe were largely unsuitable for the common mole. Extremely low temperatures for extended periods likely favoured the establishment of permafrost, where soil hardness and scarcity of edaphic resources could have represented the main limiting factors for moles. Indeed, moles are missing from latitudes higher than 63°N (Mitchell-Jones et al., 1999) .
The results of the historical demographic analysis (Fig. 6A) for the European lineage are coherent with a model of expansion after a bottleneck. Central Europe showed the lowest molecular diversity, as expected for an area recently colonized by few founders. In the eastern European populations, the low molecular diversity is comparable to that recorded for central Europe, suggesting a recent origin of moles in this area. However, south-eastern localities from Ukraine showed a certain degree of differentiation, as suggested by SP network (Fig. 4) , sPCA (Fig. 5A) , and diversity indices. According to the palaeo-ecological models, during the LGM, suitable areas were still available around the Black Sea. It is thus possible that the southern latitudes were the first to be recolonized and/or were subject to a less severe bottleneck during the LGM. The same could have occurred in Western Europe, where two different haplogroups were found. The one found in north and central France is closely related to the eastern and the central European haplotypes and can thus be considered of recent post-glacial origin. The haplogroup found is southern France is clearly differentiated from the other European haplotypes (Fig. 4) , and it is interesting to note that SDM models indicate a good habitat availability in this area during the LGM, suggesting a possible role of putative refugia for southern France, as was also hypothesized for the semi fossorial rodent Microtus arvalis (Tougard et al., 2008 ). Finally, the highest level of molecular diversity and the high suitability of the Balkan peninsula during the LGM suggest that this area could have acted both as a refuge and a source population for the recolonization of Europe during the interglacial phases.
A final point to address is the isolation of the Italian lineage and the lack of a contribution of this genetic pool to the post-glacial recolonization of Europe, a pattern shared with other non-subterranean mammals (Grill et al., 2009; Hewitt, 2011; Colangelo et al., 2012) . The Italian lineage showed a level of genetic diversity higher than the rest of Europe, with the exception of the Balkans, supporting its role as a long-term Pleistocene refuge. The GMRF skyride plot suggests that the Italian haplogroup underwent a decrease of the effective population size during the last glaciation, which, according to molecular diversity indices (Table 2) , principally affected northern Italy. The successive demographic expansion did not coincide to an expansion north of the Alps that acted as barrier to post-glacial recolonization of Europe. Thus, the Alps acted as an initial force of isolation and continued to prevent the northern expansion of Italian moles, driving a significant increase in genetic differentiation.
CONCLUSIONS
According to cytochrome b phylogeny, the common mole T. europaea, as currently defined, is a paraphyletic taxon. To date, we cannot exclude the possibility that the Spanish lineage of T. europaea represents a new cryptic species, nor that it could be the result of past introgression of mtDNA from T. occidentalis. The causes of the paraphyly and of the genetic differentiation observed between the Spanish and the other two T. europaea lineages deserve further investigation using nuclear markers and morphological analyses.
According to our results, the phylogeographical structure of the common mole in Europe is in line with predictions made for non-subterranean mammals. We found an ancient genetic break between the Italian and the European lineages that can be dated back to middle Pleistocene. Thus, the cause of this genetic break must be sought in events that predated the LGM and probably comprised a combination of ecological factors driven by climate shifts. By contrast, the phylogeographical structure observed within the Italian and the European lineages is a clear by-product of the last glaciation. According to our findings from both genetic and SDM, T. europaea might have retreated to different refugia during the unsuitable glacial phases. These refugia were located not only in the Balkan and the Italian peninsulas, but also possibly all along a southern European belt from southern France up to the shores of the Black Sea.
